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High rates of bedload transport measured from infilling rate of |arge strudel-
scour craters in the Beaufort Sea, Al aska

‘By: Erk Reimmitz and Edward W Kempema, U. S. GCeol ogi cal Survey,
345 M ddlefield Road, Menlo Park, California 94025

ABSTRACT

Strudel scours are craters in the sea floor as nuch as 25 mwde and 6 m
deep, that are excavated by vertical drainage flow during the yearly spring
fl ooding of vast reaches of shorefast ice surrounding arctic deltas; they form
at a rate of about 2.5 k?n yi-l. W nonitored two such craters in the
Beaufort Sea and found that in relatively unprotected sites they fill in by
deposition from bedload in 2 to 3 years. Net westward sedinent transport
results in sand layers dipping at the angle of repose westward into the
strudel -scour crater, whereas the west wall of the crater remains steep to
vertical. At the very bottom the crater traps alnost all bedload: sand,
pebbl es, and organic detritus. As infilling progresses, ..t he naterials are
i ncreasingly winnowed, and bypassing nmust occur. Over a 20-mw de sector, an
exposed strudel scour trapped 360 niof bedl oad during two seasons; this
infilling represents a bedl oad transport rate of 9 rﬁ'yTr . This rate
shoul d be applicable to a 4.5-kmw de zone with equal exposure and similar or
shallower depth. Wthin this zone, the transport rate is 40,500 m’yr'1,
simlar to estimated longshore transport rates on local barrier beaches.
Based on of the established rate of cut and fill, all the delta-front deposits
shoul d consist of strudel-scour fill. vibracores typically show dipping
i nterbedded sand and |enses of organic material draped over very steep
erosional contacts, and an absence of horizontal continuity of strata--
criteria that should uniquely identify high-latitude deltaic deposits. G ven

a short 2- to 3-year lifespan, nost strudel scours seen in surveys nust be old



and partially filled. The sane holds tme for ice gouges and ot her
depressions not adjusted to sumer waves and currents, and therefore such
features record events of only the past few years. In view of such high rates
of bottom reworking of the shallow shelf, any human activities causing
turbidity, such as dredging, would have little effect on the environment.
However, huge anounts of transitory material trapped by long causeways planned

for offshore devel opnent would result in mgjor changes in the environment.

| NTRODUCTI ON

The yearly spring flooding of vast expanses of shorefast ice on the inner
shelf in the Arctic, and the comonly violent draining of these floodwaters
through the ice, result in the formation of large scour craters called strudel
scours.  Strudel scours, and their subsequent sedinment fill, are inportant
erosi onal and depositional features of high-latitude deltaic environnents
(REIMNITZ, et al., 1974). Recognition of these features may serve as a
criterion for identifying simlar paleoenvironnments. |Industry considers
strudel scours to be one of the nost serious geologic hazards to pipelines on
shallow-shelf areas affected by the phenonenon (L. J. Toimil, oral
conmuni cation, 1981). The purpose of this report is to present data and
observations on the infilling rate of two strudel scours in diverse
environnents of the shallow Beaufort Sea shelf near Prudhoe Bay, Al aska. Bot h
scours were sinmilar in size, with lips at 2.5-mwater depth, but one was
sheltered by a nearby barrier island, whereas the other was |ocated on an
exposed prodelta.

A conparison of the neasured rapid rate of strudel-scour excavation and

infilling With the generally slow rate of delta accretion in arctic regions



dermonstrates strudel-scour fill as an inportant conpositional conmponent of
prodeltas. W present strong evidence that this strudel-scour fill consists
of materials supplied alnost entirely by bedload transport. Thus, the rate of
infilling allows cal cul ations of bedload transport rates that probably are
more reliable than those that could be obtained by any other means known to
us. Anong the requirenents for an efficient bedload transport sanpler
(Hubbel I, 1964) are the follow ng:
(1) it is very large conpared to seabed relief, and therefore gives a good

aver age,
(2) it should not alter bedload discharge by changi ng local flow patterns,
(3) it should collect the largest as well as the smallest bedload particles,
(4) it should give all particles an equal opportunity for entrance, regardless

of size and direction of movenent,
(5) sanpler is stable, and
(6) sanpling period is long relative to period of changing hydraulic

condi tions.

As the strudel scours nonitored meet these requirenents
better than npbst man-made devices, the bedload transport rates determ ned
fromthis study should be close to actual rates of transport.

BACKGROUND | NFORMATI ON

Wave and current reworking of the inner-shelf surface is restricted to
the short open-water season starting in July and extending to the onset of
freezeup in late Septenber to early Cctober. Current-nmeter records from
Novenber to January show nmaxi mum flow velocities decreasing from 10- to less
than 2-cm s* (MATTHEWS, 1981). Diving observations nmade under the ice during

the winter revealed only very low current velocities. Under-ice current



observations nmade during the time and within the area of overflow are too
sketchy to indicate whether reworking of bottom sedi nent occurs during
overflow  Currents do not increase noticeably until about mid-July, when the
ice breaks up (BARNES, 1982). The rivers of northern Al aska begin carrying
water to the sea by the end of May or early June, when the fast ice is 1.7 to
2 mthick and still intact. This ice is inundated by 0.5 to 1.5 m of fresh
water for distances of as much as 15 km or even nore fromthe river nouths
(REIMNITZ and BRUDER, 1972; REIMNITZ et al., 1974; WALKER, 1974). Figure 1
shows a part of the Beaufort Sea shelf in the vicinity of the Prudhoe Bay
oilfields at a time when those rivers with headwaters in the Brooks Range are
beginning to flow, while those with drainge basins entirely within the
coastal plain are still dormant.

When the coastal -plain drainage systens thaw and the flooding is at its
maxi mum the inundated ice areas may nearly nerge, especially between the
Colville and Kuparuk Rivers. Wthin a few days, however, nost of the flood-
waters drain off the ice. This draining occurs at orifices within the ice
(Fig. 2) that serve as focal points for vertically oriented axial jets with
vertical motion; these orifices are called strudel, after the German word for
“whi rl pool” (REMNITZ and BRUDER, 1972). Because seawater depths in the
fl ooded areas are generally shallower than 6 m the vertical jet encounters
the bottom and may excavate craters more than 4 m deep and 20 m across
(strudel scours) below the drainage points. The formerly flooded areas of
fast ice generally show only very small anobunts of fine-grained surficial
sedinment after draining is conpleted (REIMNITZ and BRUDER). There is a
growi ng body of information indicating that the Sagavanirktok River contri-

butes very little sedinent at the time of river overflow



The Hol ocene marine sedinent in the study area is only 2 to 10 mthick

(REIMNITZ et al., 1974), and delta accretion is virtually absent in the area
(REIMNITZ et al., 1979). This Hol ocene sedinment generally consists of fine
nuddy sand (BARNES, et al. , 1980); the underlying Pleistocene sedinent ranges

in conposition from overconsolidated sSilty clay (REIMNITZ and KEMPEMA, 1980)
to gravel (REIMNITZ et al., 1974). In nost areas this older sedinment lies
within the range of penetration by modern strudel scours and deposits of
relict and nodern sediment are mxed by the scouring action. This mxing
results in wide lateral variation and great conplexity in the surficial-
sediment types in the areas affected by strudel scour (REMNITZ et al., 1974,
BARNES et al., 1980). Because of the cut- and-fill process, high-resolution
seismc records taken within the area of river overflow show an absence of
coherent subbottom reflectors. Vibracores taken in arctic shallowwater-delta
areas contain sedimentary structures that are interpreted as representing
strudel scour fill (BaRNEs et al. , 1979) as discussed below. These
structures, however, are too small and without horizontal continuity, to be
resol vable on seisnmic records. Previously, REMNITZ et al. (1974) specul ated
that strudel-scour relief seen near river nouths nay represent several decades
of strudel scour and that the scours fill in only slowy; the present studies,

however, indicate otherw se.

METHODS OF STUDY
The key to the study of the infilling rate of strudel scours was precise
navi gati on, which allowed us to revisit the same strudel scours in successive
field seasons. This precision was provided by range/range navigation Systens

(Del Norte Trisponder and Mdtorola M niranger*) aboard the 13-mresearch

*Any use of trade nanmes and trademarks in this report is for descriptive purposes
only and does not constitute endorsement by the U S. Geol ogical Survey
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vessel Xarluk. Side-scan sonar and a narrow beam high-resolution fathometer
were used to locate and survey particular strudel scours. To determine the
maxi mum depth of a particular crater, many crossings were made in various
directions, with closely spaced buoys used as reference points. -Once the
deepest point of the crater was located, we let the boat drift across with the
fathoneter running. This technique provided detailed cross sections

One of the two strudel scours nonitored was al so marked by a netal post
driven into the center by divers, by a 45-kg weight placed next to the post,
and by a 35-mlong steel cable stretching fromthis weight to a Danforth
anchor well away fromthe rimof the crater. The cable was |ocated in
successive years and led divers back to the post. The post was notched at
10-cm intervals to provide detailed observations of sedinment accretion.

RESULTS

Strudel scour A

One of the strudel scours nonitored is |ocated near Egg |sland Channe
(A, Fig. 1), a tidal channel connecting Sinpson Lagoon with the open ocean.
The bathynetric map (Fig. 3) is the result of a detailed bathymetric survey of
the channel on Septenber 3, 1978, during which we crossed the strudel scour.
Figure 3 shows the position of the strudel scour, the trackline crossing it,
and the fathogram recorded along this track. In this fathogram the axis of
Egg Island Channel lies at a depth of 6 m the center of the strudel scour at
5*5 m and the surrounding lagoon floor at 2.4 m No attenpt was nade

however, to determine the maxi mum depth of this crater during this first year



of record, although from past experience with strudel-scour surveys, a naximm
depth of 1 mgreater than shown on this chance crossing is likely.

Strudel scour A was resurveyed on August 24, 1980, with nore than 20
trackline crossings; Figure 3 shows the deepest cross section recorded. The
crater was still a synmetrical cone, but its maxi mumdepth in 1980 was
4.4 m Considering that 2 years earlier the strudel scour was nore than
5.5 m deep (possibly 6.5 m, 1.5 to 2.1 m of sediment had accurmul ated wthin
that period. Sedinment reworking is known to occur from July through
Septenber, but may also occur during the overflow in June. Therefore the
strudel scour actually trapped sediment for 8 nobnths, at a sediment deposition

rate of 15 to 25 cm per nonth.

Strudel scour B

A side-scan-sonar search for specific strudel scours on the Sagavanirktok
delta on Septenber 17, 1978, resulted in the selection of strudel scour B
(Fig. 1) in an area generally 2.5 m deep. The base of the scour-crater was
3.5 m bel ow the surrounding sea floor, and the crater was 16 to 25 min
di aneter (Fig. 4). The side-scan sonar shows the surrounding sea floor narked
by an irregular pattern of distinct curving to jagged reflectors, visible on
the fathogram as 20- to 30-cmhigh | edges (northeast side of strudel scour,
Fig. 4). During dives along the steel grappling cable across this terrain, we
found small scarps cut into firmbedded sandy silt, which could be broken off
by hand. Low terrain between these scarps was bl anketed by fine sand. The
upper lip of the crater itself was a 10- to 50-cmhigh scarp cut into bedded
sandy silt. Entering the crater fromthe east side and descending to the

floor, we first traversed several small scarps of bedded silt, thinly draped



by soft sandy sedinent, lying at the angle of repose. In the lower half of
“the strudel scour was nuddy sand, 20 to 70 cmthick, sloping evenly toward the
center at an angle of about 30°. Although visibility inside the crater was
very poor, we could feel the floor as a dish-shaped depression covered mainly
by coarse fibrous organic matter, including sticks and branches. It was not
difficult to drive a 3-mlong nmetal fencepost with a sharpened tip to about 80
Cm but this fencepost could be driven no farther by pounding with a 1.8-kg
mallet. W believe that this point represented the original bottom of the
strudel scour and that the scour was originally 80 cm deeper than it was at
the time of our survey. Ascending, we found the west wall to consist entirely
of firmsandy silt, formng |edges 50 to 80 cm high, overhanging in places as
much as 50 cm and lacking any soft sedi nent cover; several |edges were rich
in fibrous organic matter. The angularity of the firm faces of the |edges
suggests erosion by undercutting and calving of firm materials. A large
sanple of organic material fromthe floor of the scour contained a few pebbles
up to 5 cmin diameter, algal debris along with distinctly terrestrial organic
material, and nuddy sand.

Divers revisited the strudel scour on July 26, 1979 by followi ng the
steel cable to the pole, where the cable disappeared in very soft fill. At
| east surficially this fill was nuddy sand and again formed a di sh-shaped,
rather than a flat, crater floor. As neasured against the fencepost, 85 em of
materi al had accunul ated since Septenber 19, 1978 (Fig. 3), preferentially on
the east side of the scour. Assuming that this sediment nust have accumul ated
during a 10-day period in Septenber 1978 and a 2-nonth period (June-July) in
1979, the sedinment accumulation rate was 35 cm ml  Divers agai n descended

on strudel scour B on August 22, 1980. By this tinme major nodifications had



occurred on the sea floor, and the strudel scour was nearly filled. W
followed the cable to the point where it disappeared vertically into the sedi-
ment, extending toward the former strudel-scour floor.

The surface of the strudel-scour fill was rippled fine sand.” The top of
the fencepost did not protrude because we had purposely kept it below the
| evel of the surrounding terrain to avoid ice damage. The cable extending
away fromthe crater was slack and draped across or around |edges of firm
bedded sandy silt with angular fresh-appearing scarps as nuch as 50 cm high.
Between | edges, the cable was deeply buried in fine muddy sand that required
considerable effort to clear. Fiqure 5 shows a sonograph of the rough terrain
adj acent to strudel scour B, as recorded on the date of the final inspection,
when 2-myvisibility and fresh-appearing exposures on this day allowed a closer
study of the firm friable bedded sandy silt exposed in scarps. Individual
bedding pl anes were highly contorted on a snall scale and over distances of 1
to 2 m showed |arge-scale distortions that changed the attitude from
horizontal to nearly vertical. Bedded exposures in places were rich in coarse
fibrous organic nmaterial

In the period between the 1979 and 1980 observations of strudel scour B
at nmost 4 nonths of open-water and sedinment-transport conditions and infilling
of the strudel scour had elapsed. During this period, 2.65 mof fill
accunul ated in the scour, at an average infilling rate of approximately

60cmrm¥

SPACI NG OF STRUDEL SCOURS
REMNITZ et al. (1974) used side-scan-sonar records to map the

distribution of strudel scours in coastal areas of the Beaufort Sea. Because



of the difficulties in identifying with certainty all strudel scours wthin
the seafl oor areas scanned, they preferred to present only counts of strudel
scours per kiloneter of ship’'s track rather than per square kiloneter of sea
floor. Many additional years of shallowwater work in the same areas have
convinced us that those original counts (maxinmum 25 scours kml) are nuch too
high. Not all isolated patches of high reflectivity are strudel scours, and
positive identification requires considerable fathoneter-survey tine.
Therefore, we used the best available aerial photographs for counting the
nunber of strudels in the previous winter’'s ice canopy of the study area.
Figure 6 shows the Sagavanirktok delta on June 26, 1970, when one of us al so
made ground and aerial observations in the area. Al the river water had
drained off the ice 2 to 3 weeks earlier, and only the outer fringes of the
fornmerly inundated ice remained intact. In order to count the nunber of
strudel, we drew circles to mark areas with distinct, apparently coherent
channel patterns on the ice. Surficial drainage channels feeding a particular
strudel do not seemto extend farther than about 100 n1 thus, even where the

exact spot of drainage through the ice cannot be detected in this photograph,

a strudel lies sonewhere within each circle. These circles mark ngjor
strudel, likely to result in substantial bottom excavations. In addition,
however, nany nore nminor strudels are present. In the ice areas so studied,

there was an average of 2.5 ngjor strudel per square kilometer.

DI SCUSSI ON
The two strudel scours nonitored in this study, situated in strongly con-
trasting environments, represent highly efficient natural sedinent traps.

Strudel scour A was sheltered from all sides by barrier islands or by areas

10



shallower than 2 m Westerly stornms, resulting in high sea levels, could
provide for |onger fetch than the predom mt northeasterly wi nd and,
probably, for bottom reworking at the site. Such storms did not occur during
the nonitoring period. Thus, sedinent transport in the area was associated
mainly with currents flowing through the nearby tidal channel. The flowis
ei ther lagoonward or seaward, and we have neasured surface current velocities
unrelated to tides of about 100 cm §1. During a period of several nonths
(May- Novenber, 1979), a current-neter array deployed in the axis of the tida
channel was buried by sedinment to about 2 m above the original channel floor
(Brian Matthews, oral communication, 1979). The lower accunul ation rates in
the strudel scour, not subject to scouring by horizontal currents, are
unexpl ai ned.

Strudel scour B is exposed to a fetch of 20 km from the northeast, the
dominant Wind direction. Mich of the area between strudel scour B and the
wi ndward barrier islands has a water depth of 6 to 7 m furthernmore, there is
no flow obstacle to wind-driven currents that develop here with easterly w nds
(Barnes, et al., 1977). The nore exposed position of this site relative to
that of strudel scour A probably accounts for the nmore rapid infilling of
strudel scour B.

A current neter noored for nost of one sumer at a depth of 5.5 m severa
kilometers north of strudel scour B, recorded mainly westward currents
averaging 15 cm s‘'but peaking at 53 cms™? (Barnes et al., 1977). No ngjor
stornms occurred during those 52 days of recording, although peak velocities
were high enough to nove coarse sand easily. Also, nunerous bottom drifters
rel eased in Stefansson Sound washed ashore far westward of their rel ease

points (our own unpublished data, 1979); thus, net water novement near the
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bottom clearly is westward. The nagnitude of westward bedl oad transport at
another site on the Sagavanirktok delta, with nearly identical setting, 2.5-m

1

water depth and 13-m s - easterly wi nds, was observed during a diving

investigation in 1976 (Reimmitz and Teimil, 1977). Near-bottom currents of 25

1 voved fine sand, kelp, wllow |eaves, grassy material, and tw gs

to 50 cm s’
in 1- to 2-mwide current-parallel streaks. At the tinme of the investigation,
divers observed drag marks formed by pebbles with attached kelp nmoving al ong

t he bottom

These data and the follow ng additional observations on strudel scour B
suggest that its fill represents largely bedload transport: (1) the fathogram
and diving observations show an asynmetric cross section, with the deepest
point closer to the southwest wall and foreset beds of fine sand draped at the
angle of repose fromthe northeast |ip of the crater toward the center;

(2) the fill consists largely of sand-size naterial, coarse fibrous organic
matter, and a few pebbles, whereas sunmer-suspended matter is largely silt and
clay size (DRAKE, 1977); the fibrous organic matter is rarely seen on the sea
surface but is abundant on the bottom and (3) observed at two internediate
stages of infilling, the strudel scour was conical, whereas infilling from
suspension | oad should have resulted in nearly horizontal bedding planes and a
flat floor.

Anot her strong argunment in support of our contention that the strudel-
scour fill represents nainly bedload transport is provided by the data from
seven suspended-sedi ment traps deployed nearby in 1980. These traps, which
had orifices of 30.5 cmat a height of 30.5 cm above the bottom were placed
ina 2-knf area 4 km east of our study area, in water 3.5 m deep from nid-July

1980 to about the end of the year. The traps were deployed to nonitor
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se’ dinentation around an artificial drilling island during construction.
During the 5 to 6 nonths of deployment, an average of 13.5 cm of sedi nent
with a nedian dianeter of 0.1 nm accreted in the traps (NORTHERN TECHN CAL
SERVI CES, 1981). This accunul ation represents approxi mately one seasonal
sedimentation cycle plus artificial contributions from gravel island
construction. Yet the accumulation rate in the suspended sedinment traps was
an order of magnitude |lower than that in strudel scour B.

During the 1978 and 1979 diving inspections, we found coarse fibrous
organic matter and a few pebbles near the bottom of the crater; higher above
these organic deposits, sandy nmaterials rested along the sides. During the
final inspection dive, when infilling was conplete, the surficial deposits of
the strudel scour consisted of clean sand. This vertical sequence of
materials probably is typical of all strudel scour fill in this area. The
i nternal sedinentary structures of strudel-scour fill sheuld reveal the
mechani sm of lateral infilling, and sediment textures should display better
sorting in the uppernost section of the fill which reflects the final stages
of infilling.

In support of the above specul ation on the nature of strudel scour fill,
Figure 7 shows a 1.5-mlong vibracore collected 2,000 m southwest of strude
scour B.  BARNES et al. (1979) reported that this core is typical of a series
of 12 cores taken in shallow waters on four arctic river deltas. Only
features relevant to strudel scouring of the seabed, and the strudel-scour
infilling are nentioned here. The core shows evidence of several erosional
epi sodes: rip-up material and mudballs, a thick unit of coarse fibrous
organic matter on an erosional surface, and a thick unit of steeply dipping
bedded sand on an erosional surface; the core also contains several ripple~

bedded sand units. The orientation of the coring device was recorded, and the
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beds dip westerly. This core may record several scour-and-fill events. Most
“inmportant, very little sediment suggesting settling from suspension is seen in
this and the other 11 shallowdelta cores of BARNES et al. (1979); the bulk of
the material probably was supplied as bedl oad, and deposited in scour
depressions. The structures observed by divers in 30- to 50-cmhigh |edges on
the sea floor surrounding strudel scour B would also agree with the concept of
erosion, bedload transport, and deposition, as described above

Assuming that the fill of strudel scour B indeed represents bedload and
that the crater is an efficient trap, we can use the rate of infilling to
calculate the rate of bedload transport past the site. A north-south oriented
cross section of the crater neasured 20 mwi de at the sea floor. The crater
volune, calculated from the first-measured profiles and assumng a conica
shape, was 360 m. In reality, the original shape was probably more cylin-
drical than conical, judging from the nearly vertical wést wal |.  Thus, the

crater collected 180 m of bedload in a year. Divided by the 20-1n width of

the trap, the bedload transport rate past a |-mseafloor segnment is 9 nByr-
I During the final stages of infilling, the well-sorted sands collected to
forma cap for the fill, and the forner crater was no |onger an efficient trap
for bedload. W believe that the final stages of infilling occurred during
particularly windy fall days of 1979, not during the summer of 1980, when we

| ast | ooked at strudel scour B. Thus, because of the decreasing efficiency
and early conpletion, and the conical shape conservatively used in the

cal cul ations, the actual bedload transport rate is certainly higher than the
calculated rate. Because weather records for the tw seasons of bedload
trapping show very little winds from the west and strongest winds from the
east, the calculated bedl oad-transport rate is probably nearly equal to the

net westward transport rate.
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The following considerations will denonstrate the significance of the
above neasurenents. The transport rate of 9 m3yr'|m'| past strudel scour B,
whi ch probably applies to a wide area, suggests very high rates of sediment
movenent on the shelf. Fromthe shore to the 3-misobath the delta front is a
gently sloping surface, about 4.5 kmwide in a section oriented at a right
angle to the westward transport. Strudel scour B lies near the outer edge of
this platform where transport rates probably are lower than at shallower
dept hs shoreward. |f the neasured transport rate is applied to the tota
width of this platform a value of 40,500 nﬁyr'1 of sediment is derived, nost
likely a conservative estinmate. NUWMEDAL (1979), on the basis of his own
cal culations and a sumary of published data from the north shores of Al aska,
estimates the transport rate along present barrier beaches at “a few tens of
t housands of nByr'l." This longshore-transport estinmate nearly equals our
nmeasured bedl oad-transport rate over only a narrow segment of the shall ow
shelf. Resolution Island, an artificial island built several hundred yards
from strudel scour B, contains 131,000 ni of gravel, a small volume relative
to the sediment volunme noved by nature. A conparison of the yearly bedload
transport rate to the small anount of sediment that actually accunul ated at
the site since the last transgression, reveals the dynamc nature of the
environment. The base of the Holocene nmarine sedinent in the area, or the
base of the nodern Sagavanirktok River delta seen in seismc reflection
records, lies only 2 to 3 mbelow the sea floor. This depth was confirned by
drilling (eEVaS et al., 1980).

The high rates of bedload transport, together with the |ow rates of
sedi ment accretion, attest to the dynamics of this depositional environ-
me nt. The fresh | edges observed by divers and seen on side-scan sonar, and

the deep burial of our grappling cable below clean sand, are further evi
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dence. These findings suggest that the abundant ice gouges seen in shallow
‘shelf areas exposed to drifting ice, represent only a few years of ice
activity. BARNES and REIMNI TZ (1979) showed that waves and currents in one
relatively ice-free season with long feteh can transforma heavily ice-gouged
terrain into one of sedinent waves extending out to 10-m water depths w thout
| eaving remmts of previously existing gouges. This bottom reworking
probably occurred during only one or two storms.

G ven such high transport rates under natural conditions, the effects of
most dredging, drilling-nud discharge, and island-construction activity on the
envi ronment would seemto be insignificant. However, the contenplated con-
struction of long causeways for offshore oil devel opnent, which probably would
trap nuch of the sedinent in transit (BARNES and MINKLER, 1982), would result
in drastic changes to the environment within only a few decades

The ongoi ng strudel scouring and subsequent infilling of such excavations
result in characteristic structures that should serve as unmstakable criteria
for the recognition of ancient high-latitude deltaic deposits formed in
simlar environments to a water depth of at least 5 m« The follow ng
considerations reveal just how domi nant the structures resulting from such cut
and fill action should be. An average of 2.5 large strudel per square
kil oneter were mapped in the ice canopy off the Sagavanirktok River. W
estimate that all these drainage systems were |arge enough to create a typica
15-mdianeter 3-mdeep scour depression on the sea floor below. Gven these
val ues, any square kilometer of sea floor in this area would be rewrked to a
subbottom depth of at least 2 m where the craters still have vertical walls,
every 2,300 years; reworking to the full 6-m depth of strudel scouring would

require more time. BARNES et al. (1979) noted the typical delta sequence seen
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in 12 vibracores and the inportance of strudel scour structures. They further
not ed that of three vibracores taken over a 50-m di stance, each vibracore
shored a typical delta sequence: bedded and crossbedded clean sand |ayers
alternating with layers of fibrous organic matter. None of these distinct
units, however, could be correlated over distances of 20 to 30 m The

vi bracore taken near strudel scour B clearly indicates the futility of trying

to trace individual beds even for short distances.

CONCLUSI ONS

(1) Strudel scours as much as 25 m across and 6 m deep are excavated at a rate of

1 and are infilled with sediment after 2 to 3 years. At this

2.5 km’yr -~
rate the entire delta front of arctic rivers should be totally reworked in
several thousand years and, therefore, should consist entirely of strudel-
scour deposits.

(2) Strudel scours trap nmaterials supplied almost exclusively by bedload
transport. For the first year or two, they are efficient natural traps
and, therefore, should provide accurate bedload-transport rates.

(3) The calcul ated transport rate past one strudel scour is 9 m3yr'1m'1. Thi s
rate, applied to a 4.5-kmw de strip of shallow water with simlar condi-
tions, gives a bedload-transport rate of 40,500 nByr'1, conmparable to
estimates of longshore transport rates along local barrier beaches.

(4) This rapid infilling rate inplies that the chances of seeing a strudel
scour wthout fill and, therefore, measuring the maxi mum depth on any one

survey is small, and further inplies that all strudel scours, as well as

shallow-water i ce gouges, record only the nost recent events.
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(5) The characteristic deposits and structures: steep erosional unconformties
overlain by bedded sand and coarse fibrous organic matter at the angle of
repose, and the absence of horizontal continuity can be used to identify
ancient deposits from simlar environments.

6) In view of the very high rates of sedinent transport determned for natural
conditions, the sediment input from human activities, such as dredging
operations, seens insignificant. However, |ong causeways planned for the
of fshore oil devel opment would act as groins and result in |large-scale

shoreline nodifications.
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Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

FI GURE CAPTI ONS

Landsat images of Prudhoe Bay area (between A and B) on June 6,
1976, showing larger rivers flowing out across the fast ice. In

many years, flooded ice areas nearly merge in this area.

Overfl ow water from Kuparuk River draining at a strudel situated on
a crack in 2-mthick fast ice. Overflow at this point is estimted
to be 1 to 1.5 mdeep, and the water below the ice is 1 to 2 m

deep. Distance across center of the photograph is about 15 m

Site of strudel scour A adjacent to Egg Island Channel, in
relatively sheltered locality. Inset shows fathogram across tidal
channel and scour in 1978, with 1980 profile superinposed. 1978
crossing of strudel scour A was by chance, and scour could have

been deeper than actually measured.

Fat hogram of deepest profile of strudel scour B in 19278, and two
successive years. Divers found vertical walls on upper 1 mof left
(west) side and estimated original scour depth by driving the stake

shown .

Sonograph of sea floor adjacent to strudel-scour B after conplete

infilling in 1980, showing the rough relief with fresh-appearing

| edges seen by divers.
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Fi gure 6.

Figure 7.

orthophoto Of Sagavanirktok delta showing remants of fast ice on
June 26, 1970. Drainage systenms feeding former strudel are

circled.

Resin peel of a vibracore taken 2,000 m from strudel scour B. Core

records several scour-and-fill events. Core is oriented with right

side to west (from Barnes et al., 1979).
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| EBSTRACT

In the Arctic ice is abundant ana cheap, and
therefore has long been considered as structural
material for offshore drilling platforms. 1In
February 1979 Exxon constructed an ice island 400 m
in diameter and 10 mthick, in water 3.5 m deep,
about 6 km north of Prudhoe Bay, Alaska. The pur-

pose of the experiment was to learn whether such an
island could survive one summer and then serve as a
platform for an extended drilling period the fol-
lowing winter. Qur studies of the decay of this

island are based on: a) surface observation and
photography, D) diving ObServations and bottom
photos, c) fathoneter, subbottom profiler and side-
scan sonar surveys, and d) spot neasurenents of
water salinity, tenperature, and turbidity around
the island.

Thernal erosion, pronoted by turbulent heat
transfer from wave action and a relatively warm
surface water layer surrounding the island, re-
sulted in a 3- to 5-mdeep notch at sea |evel,

frequent calving, and a cantilevered, vertical
scarp above sea level around the island. The
wi nds, waves, and surface currents that transport

warm river water past the island are predom nantly
fromthe east. Therefore, thermal erosion and
calving were nost rapid on the east side; they had
truncated the island to the original center point
by late August. By early Septenber, the last rem
nants of the island floated away. The subnerged
part of the island, below the sea-level notch,
consisted of an extensive pedestal reaching as nuch
as 15 m beyond the island and feathering out to 10
cmthick at the lip. The outer 5 mof this pedes-
tal was elevated above the flat sea floor, forning
a gap wto 25 cm wide that exposed the snooth base
of the island to divers. Average island shore
erosion, effected largely by calving, ranged from
2.5- to 5-nmday. The pedestal retreated across the
sea floor at the same rapid rate, but melting,
rather than calving, was probably the major cause
of erosion. Hydraulic processes did not have tine
to develop cut-and-fill structures in the sea
floor. In short, the test showed that unprotected
ice islands in shallow, warm coastal waters have no
chance of survival through the summer.

| NTRODUCTI ON

Ice interacts with the marine environment in
many different ways, and through these interactions
becones an inportant geol ogic agent. The U S
Geol ogi cal Survey has conducted research on ice-
related processes for many years. Recent petroleum
devel opments in northern Canada and Al aska have
focused attention on ice in the marine environment
and on the effects of the ice on shores and the
shel f surface. During the winter of 1978-1979, a
circular ice island with a dianeter of 400 m was
built in the shallow waters of Stefansson Sound,
about 6 km north of Prudhoe Bay, Alaska (Fig. 1).
This large, firmy grounded mass of ice of known
age, size, and shape provided a unique opportunity
to study the effects of summer conditions until the
island was destroyed by natural processes before
W nter.

BACKGROUND | NFORVATI ON

In the Arctic ice is abundant and cheap and
therefore has long been considered as a potential
structural material for offshore drilling plat-
forms, 77’ Several field experinents with ice
drilling islands have been conducted in Al askan
wat er s. In 1969, attenpts were made to firmy
anchor a grounded, natural ice island by ballasting
it with an added surface layer of ice. “This island
was |ocated at about 25-m water depth, where it was
fully exposed to drifting pack ice. For reasons
not entirely clear, this island broke up during the

studies. ® tn early 1977 an artificial ice island
was built by Union Gl Co. at 3-m water depth in
Harrison Bay. An exploratory well wae drilled from

this island before the ice decayed in July,
Being located within the snooth,
of Harrison Bay, this island was relatively safe
from the effects of shifting ice, but the nearby
di scharge of warm Colville River water, which
resulted in early ice-free conditions in the area,
was largely responsible for the fast decay of this
artificial ice island.

1977.
imobile fast ice

7

In February 1979, Exxon began construction of
an experinmental ice island in Stefansson Sound,
about 6 kilonmeters north of Prudhoe Bay (Fig. 1).
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The purpose was to learn whether this test struc-
ture could survive one sunmmer and then serve as a
platform for an extended drilling season during the
following wnter.

Studies of icebergs show that their deter-
ioration is basically due to nelting. 8 The ice
nasses receive energy by radiation, convection, and
conduction from the air, water, and sun. According
to Kollmeyer,~ turbulent heat transfer is of prime
inportance for ice decay. Thus, icebergs have

extended lives as long as they remain protected by

sea ice, which reduces wave turbul ence. \Wave
turbul ence prevents a static, cold-water boundary
layer from formng around the ficeberg: 8 The
pronounced notches at sea level that are usually
seen around drifting ice, attest to the effec-

tiveness of wave turbulence in reducing the size of
ice. There is, however, an inportant difference
between the processes effective on drifting ice and
those effective on grounded ice. A grounded ice

mass is no longer noving with the water, and there-
fore it encounters relatively higher flow veloci-
ties to transport away cold nelt water. Because of

a brief
the ice

description of the
island site is in

these considerations,
marine environnent at
order.

depth at the Exxon ice island site
is nearly 3.5 m The bottom which is essentially
flat, consists of very fine, nuddy sand. During
winter the site lies within the zone of floating
fast ice. The floating ice nobves only a few
neters, and it reaches a thickness of up to 2 m at
the end of the wnter. During sunmmer, the area is
protected from pack-ice incursions by a chain of
barrier islands. Beginning in late May or early
June, the Sagavanirktok River (Fig. 1) discharges
relatively warm water only a few kilometers east of
the site. Wth the dom nant easterly wnds, thie
warm wat er flows westward past the ice island. In
1976, for a period of 52 days starting in late
July, oceanographic sensors were deployed 1 m off
the bottom near the ice island area. These seneors
provided i nformation about salinity, temperature,
tides, and currents for the open-water season.

The astronomical tidal range is only about 15 cm
whereas sea-level fluctuations from changing w nds
and baronetric pressures normally are several tinmes
| arger. The recorded average near-bottom current
velocity was 15 cnfisee, with one peak of 53 cnisee,
sufficient to erode and transport coarse sand. Qur
extensive boat and diving experience in the area
indicates that surface current velocities conmmonly
are several tines higher than bottom velocities.
The bottomwater tenperature during the period of
record ranged from-0.9 to 7.5°C; the water at the
surface was generally several degrees warner. The
salinity ranged from 12.8 to 30.6 parts per thou-
sand. In July 1972, regional surveys in the area
showed a freshwater plume with salinity of about 2
parts per thousand extending from the Sagavanirktok
Ri ver past the site. Further studies by Woodward-
dyde Consultants'!! show that the water mass in
Prudhoe Bay and vicinity is largely stratified,
especially under easterly wind conditions. The
upper layer is prinarily Sagavanirktok River water,
being relatively warm (i.e. 6°-9°C) and relatively
fresh (i.e. 15 to 20 ppt). The lower layer is
water of alnpst totally oceanic origin, being

col der, (1°-4°Cc), and nore saline (30-33 ppt).

The wat er

Wave activity begins in late June at the island
site; the fetch to the east increases to its

maxi num by late July. Because of the restricted
fetch and the shallow water, we have never observed
waves higher than 1 min the area.

THE | CE | SLAND

A single, large, rotating sprinkler system fed
by seawater punps was used to construct the circu-
| ar, dome-shaped ice island (Fig. 2). In the ini-
tial stages, the thin fast ice apparently was

strengthened by surface flooding, with rotating au-
gers used as Archinedes screws to lift water to the
ice surface. But the spraying process results in
considerably nore rapid freezing of water®  Be-
cause the sprayed water was free to spread out onto
the surrounding floating sheet of ice, the accre-
ting ice assumed a done shape. Surface runoff
toward the perineter consisted of brine from salt
excluded in the freezing process. Beyond the peri-
neter, the brine presumably drained through the
surrounding floating fast ice. Punping was contin-
ued until the island had an elevation of about 7 m
at the center and was firmy grounded on the sea
floor. The total ice thickness ranged from 10 min
the mddle of the island to 6 or 7 m near the
fringes”. The dianeter of the island was nearly
400 m

METHODS OF STUDY

Cbservations and data collected around the ice
island during the summer of 1979 consist of:

a) aerial and shipboard observations and photo-
graphy of the island s decay; b) diving observa-
tions and underwater photography of the ice/bottom
contact; c¢) fathoneter, sub-bottom profiler, and
si de-scan sonar surveys around the island; and

d) spot neasurenents of water salinity, tenpera-
ture, and light transmissivity around the island.

RESULTS

Surface observations.- Qur first observations of

the island were made in the mddle of July. At
that time the island was circular (Fig. 1) and
slightly done-shaped. surface drainage gullies,
shear cliffs at the water’s edge, active calving,
and scattered ice drifting in the wake of the
island were evidence that the decay was in full

progress. Continued calving, resulting from |ack
of hydrostatic pressure on unsupported faces, was
enhanced by deep erosional notches at sea |evel

that were cut horizontally into cliffs within
several hours after calving (Fig. 4). The doninant
northeasterly winds and westward currents carrying
relatively warm fresh river water on the surface
resulted in the nost rapid erosion on the island' s
“weatherside .“ Thus the island soon assuned an
asymmetric shape, as shown in Figure 5 in which the
location of the pivot point of the formerly central
sprayer systemis near the eastern shore. To
reduce undercutting and calving, a large tarpaulin,
wei ghted at the baee by a chain, had been draped
over a portion of the island's perimeter. This
tarp was carried away with calved ice by late

July . “By the first week in Septenber, the ice
island had been reduced so nuch that it was hardly
recogni zabl e. On Septenber 10th, long before the
major fall stornms set in, the last remants of the
island had floated away.
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DEVlng Observatcions, - Diving observations Wel e made

around the island on August 16, under |ight north-
westerly w nds and weak southeasterly currents.
Durimg the several days preceding the dive, the
wind had been from the northeast and considerably
stronger. Thus, the current flow would have been
westward and relatively swift for several days
before the dive. Qur diving traverse partially
circumdived the island in a countercl ockw se

direction, starting from a point on the southeast
side of the island and ending on the west side. An
i deal i zed sketch of the underwater shape of the ice
island is shown in Figure 6. A sea-level notch

characteristically extended from 3 to 5 neters or
nore underneath the ice cliff and was absent only
in a few places where calving had recently taken

pl ace. Underneath this overhang, the water visi-
bility was blurred on account of the mxing of nelt
and sea water having different indexes of
refraction. From the sub-aerial cliffs or from the
crotch of the sea-level notch there was a gentle
seaward-sloping ice face. This ice surface was
concave upward and slightly undulating; it extended
from5 to 15 nmeters or nore beyond the subaerial
ice cliffs. This wi de submarine base of the island
will be referred to as the ‘ice pedestal’ The ice
pedestal typically feathered out to a sharp edge
(Fig. 7), where no recent upward cal ving occurred,
or it termnated in a small scarp 10 to 30 cm

high. The outer edge of the pedestal had an
irregular, crenelated configuration, forming 3- to
4-m enbaynents that exposed the sandy substrate.
The pedestal also contained a few isolated holes or
‘windows’ in ice 60 to 80 cm thick that extended
down to the sea floor (Fig. 8). Mich of the bottom

diving traverse paralleled the very edge of the
pedestal . Along nost of this edge the base of the
pedestal was slightly raised, formng a basal gap

a diver to
and the sea
from3 to 25 cm
ice to at least the
Even within per-
the pedestal, the

at the sea floor large enough to pernmit
slide his hand between the pedestal
floor. This gap varied in height
and extended underneath the
range of visibility (2-3 m.
forations 4 mfromthe tip of

basal gap could be seen (Fig. 8), and therefore it
must have extended at least 5 m underneath the ice
i sl and. Nherever the base of the ice could be seen

through the gap, the face was smooth and parall el
to the horizontal sea floor. At one location, a
thin isolated slab of ice about 1 min dianeter was
huggi ng the bottom a short distance away from the
margin of the pedestal. The slab rose to the sea
surface when the diver disturbed it.

The sandy sea floor adjacent to the perineter
of the ice pedestal on the east and west sides of
the ice island was flat with small ripples. This
flat bottom was seen to extend underneath the ice
wi t hout any noticeable change in ripple pattern.
Along the north side of the island, facing the very
weak current of that day, snall scour depressions
had forned, and kel p (Laminaria), dead isopods, and
fine sand were piled against the pedestal. Al-
though the surface of the pedestal in nobst areas
was essentially clean, on the north side a sedinent
cover up to 4 mm thick was seen in subtle depres-
sions. Al so, several cylindrical holes in the
pedestal had filled with sedinment, and erosion of
the pedestal containing such filled holes resulted
in sediment nounds up to 40 cm high--remants of
sedinent filling. Wen we probed the sea floor

along nuch of the pedestal, we found no evidence of

i ce-bondi ng of sedinent.

CGeophysi cal Surveys.- Fathometer and si de-scan
sonar surveys were made on July 27, 1979, in a
radial pattern around the island, approaching to

within 15 m of the cliffs and extending several
hundred meters offshore. The records show an
essentially featureless bottom In addition to
this survey, several fathoneter/subbottom profiler
(7kHz) survey traverses were run over the ice
pedestal surrounding the ice island on August
1979. These traverses were run on straight courses
tangential to the island, bringing the starboard
side of the vessel with the transducer as close to
the island as possible. The record of several of
these tangential traverses, shown in Figure 9,
reveal s the concave upward surface of the ice
pedestal . Where the vessel passed over the ice
pedestal, a subbottom reflector occurring 1.5 m
bel ow the sea floor is lost. The sub-bottom
reflector represents the base of Hol ocene nmarine
sedi nents. Thus the ice, even where only 20 cm
thick, is opaque to seismc signals at a frequency
of 7 xHz. A side-scan sonar and fathonmeter survey
run across the former ice-island site by P.W.
Barnes of the U.8.G.S. on Septenber 18, 1979,
revealed only remants of the plunbing system that
had been used during the construction phase.

16,

Hydrographic Measurements.— A sketch outline of the

island and the hydrographic stations taken July 27
is presented in Figure 10. At the time of the
nmeasurenents, light winds were blowing fromthe
nort heast . Measurements were nade at the surface
and near the bottom  The values of salinity,
transmissivity, and tenperature (Fig. 10) reflect
the decay of the island. The island serves as a
heat sink, and a west-northwest-trending wake is
characterized by higher salinity, |ower Iight
transmissivity, and lower tenperature than the
water on the updrift side. The lower light trans-
mssivity readings in the wake nay be largely the
result of the mixing of waters having different
indices of refraction, as apparently no sedinment is
being added to the water by the ice or by bottom
scour from currents. The higher salinity readings
inthe wake are evidence that the average salinity

of the ice island is several ppt higher than that
of the 15.5 ppt salinity water attacking the island
fromthe east. The water colum was not as well

stratified on July 27 as observed on other
occasions in the area.

DI SCUSSI ON _AND CONCLUSI ONS

the ice island
part was eroded

Qur studies of the decay of
show that the island s subaerial
mainly by cracking and calving. The nelting of the
breakup products increased after their inmrersion in
seawater, while they were drifting away from the
site. On the other hand, the underwater surfaces
and profile show that melting is the dominant pro-
cess of subnarine erosion. Melting rates were
hi ghest on the east side, the side exposed to the
dom nant waves from the east and to the influx of
warm water carried by dom nant westward-flow ng

currents. The vertical profile reflected the
conbined effects of higher water tenperature,
hi gher flow velocities, and greater wave turbul ence

near the sea surface, as conpared to the quieter
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These factors resulted
and the extensive

bottom wat ers.
sea |evel

and cool er
in the deep notch at

pedestal feathering out to a thin edge on the
bottom We assune that the average vertical
profile of the ice island was in equilibriumwth

parameters affecting the pro-
file. Once the typical nushroom shape with a very
wi de pedestal was established, the subaerial parts
retreated at the same rate as the submerged

parts. Gven 200 m as the original radius, June
20, 1979 as the beginning of |ateral decay, and
Sept ember 10, 1979 as the last day of the island,
the average rate of peripheral erosion would be
about 2.5 m per day. However, erosion was not
equal at all points around the periphery of the

i sland. The east side of the island, exposed to
the domi nant waves and currents, eroded nuch more
rapidly than the relatively protected west side, at
times reaching an estimated erosion rate of 5 m per
day. The erosion rate could also vary quite a bit
from the average on any given day. During periods
of calm weather a protective layer of cold water
could form around the island, protecting the ice
from nelting. The lack of waves during a calm

the environnental

period would result in less undercutting of the
subaerial portion of the island and in |less erosion
of the surface of the island. Conversely, when
wave heights and and current velocities increased,
a steady stream of relatively warm river water
woul d be washed over the ice pedestal, and the
waves would rapidly cut a sea level notch, result-

ing in increased calving and very rapid erosion on
the exposed, weather side of the island.

The extent
reflects differences in

to which the vertical profile
resistance to erosion is
unknown.  The nethods used for constructing the
island~-i.e. , adding surficial layers of ice onto a
thin sheet of naturally grown ice--results in a
stratified ice nass. Fitch and Jones pointed out
that a mmjor disadvantage of the spray-freezing
nethod is that the artificial ice it produces may
be “fluffy.” The bottomnost, natural |ayer of the
ice pedestal, still containing the initial auger-
produced cylindrical holes, nmay have been the nopst
resistant to nelting. There appar-ently was no
difference in ice texture and nelting resistance
bet ween naturally grown ice, presumably about 1 m
thick at beginning of construction, and the
artificially grown ice above. Mo nickpoint was
observed in the slope of the ice pedestal corres-
ponding to a boundary between ice types. For these
reasons, we feel that physical differences between
ice types had little effect on the shape of the
vertical profile.

Flow intensification around stationary ice
commonly produces bedforms of cut and fill adjacent
to and below the ice. 12,13,14 But nei ther the geo~
physi cal surveys nor our diving investigation
reveal ed major bedformg related to the island.
Instead, regular, snall-scale-ripple patterns on
flat bottom extended w thout obvious changes for a
distance of at least 2 m beneath the ice pedes-

tal. Only the northern side, exposed to weak
currents and small waves during the tine of direct
bottom observations, had small amounts of sand and

the pedestal. The stronger
northeasterly winds of the two previous days
probably resulted in simlar or larger piles
agai nst the northwest side, which was exposed to

kel p piled against

the weather at that tine. I'n our diving traverse
skirting the edge of the ice pedestal, we could see
outward across the sea floor only 3 m at nost.
Because of the rapid ice erosion rate, any bedforms
or accumulations from the stronger wave and current
action of the previous day would have gone un-
noticed by us. Smal | -scal e bedforms of sunmmer
scour and fill apparently are in dynam c equi-
librium with rapidly changing flow conditions at
the edge of the pedestal. Thus, the pedestal
retreated across flat sea floor on a calm day,

whi |l e any bedforms of previous turbulent flow
conditions were left behind as relict features away
from the pedestal.

The rather uniform space along the lip of the
pedestal between the smooth ice island base and the
flat, rippled sand bottom was obviously not a

result of ice- or sediment-erosion by currents.
This gap was probably due to plastic defornation of

the thin ice at the edges of the pedestal caused by
the bouyancy forces of the ice. As such, this gap
probably did not extend towards the island center
past the point where the ice pedestal was 1 m
thick, and the center of the island remained firmy
grounded.

The results of this investigation cannot be
applied directly to naturally occurring nmasses of
grounded i ce. Most sea ice in the Beaufort Sea has
irregular shapes, and at any given time a mass of
such ice has a small base relative to the area at
sea level. Aso, nost naturally occurring sea ice
is unstable, and so calving comonly results in at
least slight rotations of the ice. Gounded ice
comonly has irregular, steeply sloping sides near
the bottom that converge with the sea floor at
angl es that decrease toward the very “keel,” so
that the actual bottom contact commonly cannot be
reached by divers.'2-13 tnress deeply buried, nost
grounded ice is unstable and will change attitude
during the course of several melting days. For
these reasons, naturally occurring grounded ice
rarely remains long enough to assune an underwater
profile in equilibrium with the average charac-
teristics of the water mass.

There nmay be ice islands or ice nasses that

are exceptions to the above generalizations. Large
natural ice islands in the Arctic Ccean are
tabul ar, presumably have a relatively flat base,

and conceivably could renmain in a stable orien-
tation for extended periods, if they were grounded
firmy. Two firmy grounded, relatively small ice-
island fragments in MacKenzie Bay were studied in
sone detail after they had survived through the

| ast days of a severe fall storm and npst of the
following wnter. Soundi ngs showed one of these
to have a wide bulge, simlar to that of the arti-
ficial ice island, somewhat below m d-depth but not
hugging the sea floor. Also, divers described a 2-
to 3-m protuberance (“shovel”) near the bottom
This shovel was separated from the bottom by an
unspeci fied distance, but this gap below the ice
base conformed to what appeared to be the sloping
flank of a ridge pushed up by the ice, and the gap
could have fornmed sinply by subsequent ice novenent
away from that ridge. Al so the shovel was nore
massive and blunt than the ice pedestal, making it
unlikely that plastic deformation had been the
nechani sm causi ng the gap. The underwater shape of
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a grounded ice-island fragnent off Prudhoe Bay was
investigated by Breslau and Trammel 5 in April
1969., The lateral sounding techniques they

enpl oyed were inadequate to show precisely the

rel ati onship between the ice and the sea floor. A
pedestal similar to the one on the artificial ice
island we studied apparently had not formed there.

Qur studies showed that an unprotected arti-

ficial ice island in the relatively warm coastal
waters is unsuitable as a longterm drilling plat-
form  The chances of such an ice island surviving
a summer probably would be nmuch higher if the
island were placed in the cooler waters seaward of
barrier islands, especially in a year with much ice

and no fetch for waves and currents.
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Fig. 1 — Unretouched mid-July U-2 photograph of ice
island and surrounding islands: Reindeer (1),
Argo (2), Niakuk (3), Gull (4), and the
Sagavanirktok River (5)



Fig. 2 — View of center-pivot sprinkler system during
construction of the island in March

Fig. 3 — Ice island on 7-20, with the pivot point marking the
center. Surface gullies, scalloped edges and a wake
of calved ice debris indicate that erosion is in full

progress.



Fig. 4 — Vertical scarp of ice island, where recent calving occurred. A new horizontal
sea-level notch has already been cut, setting the stage for the next calving.



5 — Aerial view of the artifical ice island on 8-22. Note the
asymmetry of the island, with the original center pivot
point (right center) near the windward shore.

Fig.
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Fig. 7 — Underwater photograph of the feathered edge of ice
pedestal, slightly raised above the flat sea floor. An
Arctic cod is hiding below the lip of the pedestal.

Fig. 8 —

Photograph of two 50-cm auger holes in the
pedestal. The distant hole exposes the sea floor and
shows the narrow gap between sediments and the

bottom of the ice island.
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Fig. 9 — Fathometer and sub-bottom profiles recorded along short passes skirting
the island. Courses and distances (m) to bluff are recorded. Note loss of
sub-bottom reflector under pedestal.
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Fig. 10 — Surface and bottom measurements of water salinity, temperature,
and transmissivity around island on 7-27, with winds from NE and
westward currents. Outline of island as measured on that day.



